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Summary 
 
This project has investigated the nature and processes of 
contract bidding within construction organisations.  In 
addition the critical success factors, critical decisions and 
strategic information requirements associated with bidding 
decisions have been modelled and represented within a prototype 
computer-based system which has been demonstrated to a number 
of contracting organisations. 
 
Historically support for contract bidding decisions has focused 
on the development of complex statistical and algorithmic 
models. Previous work has suggested contractors do not favour 
the use of such models based on the analysis of historical bid 
data and this view was reinforced during this research.  
Consequently, this project focused on providing information 
resources to support contract bidding decisions, rather than 
attempting to replace, or mimic, the decisions makers own 
judgement and cognitive ability.   
 
The system developed takes the form of an integrated Executive 
Information System (EIS) for supporting construction executives 
and senior managers strategic information requirements.  The 
system facilitates the provision of internal (organisational) 
and external (market) information for contract bidding 
decisions, serving as single point of access to the diverse 
data sources relied upon to support strategic contract bidding 
decisions.   
 
The system uses a proprietary microcomputer based EIS 
development environment to access 'synthetic' data structures 
representing the LAN architecture of a typical construction 
firm. 
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1. Introduction, Objectives and Goals 
 
A large percentage of all construction work is still awarded 
on the basis of competitive bidding.  Despite their strategic 
significance, however, contract bidding decisions are, on the 
whole, reliant on the application of repetitive heuristic 
techniques based largely on a mixture of intuition and 
experience.  Whilst information forms the basis for such 
decisions it is suggested that contractors fail to make full 
use of the available information resources in making such 
decisions.  Academic research, relating to information 
support for bidding decisions, has largely focused on the 
enhancements of resource estimation techniques and market 
price prediction, using a mixture of algorithmic and 
statistical deterministic approaches.  Such models are 
generally not favoured by contracting organisations. 
 
The overall objective of this research centred on the 
investigation, development, and evaluation of the potential 
of generic bidding decision support systems for construction 
contractors.  This objective was divided into the following 
goals: 
 
i. to determine the goals and objectives of company 
policy and company management responsible for 
bidding decisions; 
ii. to identify the attributes affecting bidding decisions; 
iii. to develop and validate conceptual models of 
the bidding decision environment and 
processes; and 
iv. to translate these conceptual models into a working 
prototype via systems development. 
 
The project was initially conceived and proposed based on a 
conceptual recognition of what the problems were. However, 
initial research with the collaborating companies on the 
intrinsic nature of contract bidding decisions and how they 
might be supported led to some minor divergence in emphasis, 
moving away from the development of computer based models 
attempting to replace the decision makers own intuition and 
judgement towards the development of a system providing 
access to information and basic analysis tools to enhance the 
decision makers own judgement and intuition.  Despite this 
change in emphasis, no real departure occurred in relation to 
the general principles of the research. 
 
 
2. Concise Description of the Research 
 
The research has been conducted in two principal phases 
(split between Salford University, Phase I, and Loughborough 
University, Phase II): 
 
PHASE I. Problem analysis through to development of 
a conceptual prototype system (Goals i 
to iii)   
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PHASE II. Initial construction and iterative 
development of the prototype through to 
final testing (Goal iv). 
 
Figure 1 describes the nature and relationship of these two 
phases. 
 
2.1. Phase I - Dept. of Surveying, Salford University, 18 
Months 
 
As background to the research an extensive literature review 
was conducted investigating the general problem area.  This 
review covered the following principal areas: (1) decision 
making and organisational theory; (2) contract bidding and 
tender adjudication theory; and (3) computer based 
information systems for decision support.  This study, in 
conjunction with preliminary interviews with the 
collaborating firms, served as a platform for development of 
initial models and a more specific research methodology.  
Figure 2 provides a framework relating information and 
decision aspects of contract bidding decisions with basic 
decision models, as discussed in the literature.  Information 
is the basic input to contract bidding decision making.  A 
direct relationship between the quality of information used 
by decision makers and the quality of their decision making 
performances has been well established in the literature.  
 
The definition of the strategic information requirements is 
based around a detailed analysis of the contract bidding 
environment of two major UK contracting firms.  The 
methodology adopted for defining the strategic information 
prototype system may be generally summarised into seven key 
steps, as shown in Table 1. 
 
The methodology and techniques used in phase I were adapted 
from the 'critical success factor' systems approach developed 
by Rockart (1979) and subsequent refinements, as made by 
Martin (1987).  In this methodology, generically referred to 
as Information Strategy Planning (ISP), 'objectives' are 
defined as general statements about the direction of the 
firm, 'goals' are specific targets to be reached at a given 
point in time and 'critical success factors (CSFs)' as the 
limited number of areas in which satisfactory results will 
ensure competitive performance and attainment of specific 
goals. 
 
A period of two weeks was spent with each contracting firm 
investigating the general nature and procedures of the 
contract bidding function.  It was found that the two 
companies were different in their organisational structures 
but that they had essentially the same strategic objectives, 
goals and information requirements.  
 
The initial stage involved a series of semi-structured 
interviews with senior managers and staff, of the two 
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organisations, involved in the contract bidding process.  
Interviews were conducted starting from the lower level staff 
and managers working up to the most senior manager(s) 
involved.  An initial overview model was developed from these 
preliminary interviews.  Figure 3 describes the summary level 
of the overview model, each decision/process stage of the 
bidding process, as shown in figure 3, was further decomposed 
into its functional activities (figure 4).   
 
Following development and ratification of the overview model 
an analysis was made of the objectives, goals and critical 
success factors (CSFs) of the more senior managers, ie., the 
decision makers, associated with contract bidding and 
adjudication decisions.  These attributes are listed in 
Tables 2 and 3. 
 
The second stage of the analysis involved a more detailed 
study through observation of two live contract bidding 
adjudication meetings within each of the two participating 
firms. This study facilitated the identification of the 
'critical decision' and 'critical information' sets 
associated with the previously identified bidding objectives, 
goals and CSFs.  The critical decisions/process attributes, 
identified in the overview model, were mapped against 
information attributes in a series of 
decision(process)/information attribute matrices, a sample of 
one of these matrices is shown in Appendix I. 
 
The internal/external information attributes are discussed in 
terms of the three principal groups:  
 
(a) project related; 
(b) organisation related (internal); and  
(c)  market related (external).   
 
The above components of the overall analysis model, ie.,: (1) 
objective and goals; (2) critical success factors; (3) 
critical decision/process set; and (4) critical information 
set, collectively represent an assertion of the principle 
motivations and strategic information requirements of the 
contract bidding decision makers within the two participating 
firms. 
 
Following completion of the remaining stages 3 to 7, as 
described in Table 1, work commenced on the development of 
the prototype system. 
 
 
2.2. Phase II - Department of Civil Eng., Loughborough 
University, 18 Months 
 
This stage of the research primarily involved translating the 
system requirements and models, identified in Phase I, to a 
prototype computer based system providing information support 
for contract bidding decisions. 
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The ethos of the PC based prototype, construction executive 
bidding information system (CEBIS), is based around an 
executive information system (EIS) style architecture.  Such 
systems serve as a point of access for senior managers and 
executives to vital information about their businesses, from 
both internal and external sources.  An EIS is a computer-
based tool that focuses, filters and organises executives' 
information so they can make more use of it using electronic 
information delivery.  An EIS enhances the ease and 
effectiveness with which an executive can perform 
information-intensive activities that are inherently part the 
organisation's strategic planning and control processes.  
Once associated only with top executives, such systems are 
now able to run in PC LAN environments broadening EIS use to 
middle-level managers. 
 
The general architecture of the prototype system is presented 
in Figure 5.  CEBIS serves as a focus for information 
contained within various organisational and external 
databases.  The core system contains a hierarchy of 
integrated graphical screen templates which are populated 
with data from the various sources when accessed by the user. 
 A single screen template may be populated with data from a 
variety of text based, numerical, and graphical sources.  In 
addition, interactive screen templates allow the user to 
issue complex data queries with only the use of screen icons, 
requiring no knowledge of SQL or similar query languages.  
Figure 6 illustrates the general structure of the menu 
templates, and the data screen templates for the market 
information module.  Appendix II shows examples of typical 
CEBIS populated template screens. 
 
CEBIS was developed using LIGHTSHIP (version 3.0), an object-
oriented 4GL graphical development package for creating 
Executive Information Systems, marketed by Pilot Executive 
Software.  LIGHTSHIP is a PC based WINDOWS application 
developed primarily for use in a Local Area Network (LAN) 
environment.  This shell was, at the time of selection, one 
of the only development packages designed to build and run 
EIS applications specifically for PCs and Local Area Network 
(LAN) based architectures.  LIGHTSHIP is a relatively simple 
and inexpensive tool integrating an array of computing 
methods to develop EIS applications. 
 
LIGHTSHIP only facilitates direct access to data from ASCII 
text files and other MICROSOFT WINDOWS compatible 
applications using WINDOWS Dynamic Data Exchange (DDE).  
However, with the addition of LIGHTSHIP LENS, a Dynamic Link 
Library/Cacheing utility add-on to LIGHTSHIP, applications 
can access, with a 'live' connection, data from a wide 
variety of corporate and external information systems.  
Figure 7 illustrates the elements required for access to a 
variety of data sources using LIGHTSHIP. 
 
For development of the prototype system the problems of 
physical communication with the various data sources in a 
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distributed environment was removed by creating a series of 
representative databases, within the PCs environment, 
representing the various organisational and external 
strategic information attributes identified in phase I.  
These databases were populated with internal data, collected 
from the collaborating contractors, and external data 
complied from various external sources.  Much of the external 
data relating to UK planning applications, tenders and 
contracts was kindly provided by Glenigan, a commercial 
organisation providing on-line information to construction 
organisations.  The data collected were stored and 
represented using a combination of database (DBase IV), 
spreadsheet (Excel) and ASCII sources and accessed via the 
LENS utility. 
 
For the prototype system, in view of the characteristics and 
architecture of the proposed system, and the criteria 
established for selection, LIGHTSHIP was considered the most 
suitable tool for development.  However, despite a wide range 
of functions, the development environment offered by 
LIGHTSHIP is perhaps too inflexible and too basic for 
development of an operational system requiring cross-platform 
communications. 
 
The final stage of Phase II involved evaluating the CEBIS 
prototype with four contracting organisations, including the 
original two collaborating firms, through a series of 
demonstrations and specific comments and criticisms were 
recorded and the system modified accordingly. 
 
 
3. Management and Collaboration 
 
As previously outlined, the project was jointly managed by 
Salford University (Martin Skitmore, Dept. of Surveying) and 
Loughborough University (Tony Thorpe, Dept. of Civil 
Engineering).  Regular project meetings were held at both 
sites over the three year period. 
 
 
As outlined in form RGR1, section 7(i), the two original 
collaborating contracting firms were, due to organisational 
changes, not able to participate.  This necessitated the 
soliciting of two new collaborating firms, a process which 
took a period of several months and caused some delay and 
forced a resheduling of the original reserach programme.  A 
period of two weeks was spent, as planned, within each of the 
two firms with a number of subsequent 1 day visits. 
 
During phase II an additional collaborative link was 
established with Glenigan, an commercial organisation that 
collects and processes construction market information in the 
UK.  Glenigan supplied much of the market information used in 
the external/market information section of the system. 
 
The evaluation of the system was conducted through 
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demonstration to a total of four contracting organisations. 
 
 
4. Significance of the Research 
 
The potential benefits outlined by this prototype system 
appear to be substantial, offering seamless visual 
information access and analysis, not only for contract 
bidding but for a wide variety of other information dependent 
strategic decisions within construction organisations.  A 
major factor emerging from the work, is that a contract 
bidding orientated system such as that developed in this 
project, provides a more approproiate focus for senior 
managers than current systems operating in practice.  Such 
latter systems seem to be aimed more at satisfying the 
normative requirements of external agencies such as the 
Inland Revenue than enabling the effient functioning of the 
organisation itself. 
 
During the evaluation exercise, conducted by demonstration to 
a mixed audience of commercial, marketing and IT directors 
and staff within four contracting firms, the following key 
benefits of the CEBIS, and EIS systems in general, were 
delineated: 
 
• SINGLE POINT DIRECT ACCESS to organisational and external 
environmental information, relating to contract bidding, 
tailored to the user's needs without the need to access 
information through intermediaries; 
• SCANNING a wider information environment more efficiently 
and effectively; 
• AD-HOC ACCESS to data and data querying without the 
necessity of any knowledge of structured data querying; 
• 'DRILL-DOWN' ie., the capability to start with aggregated 
summary data whilst allowing the review of more detailed 
information as time and necessity dictate; 
• COMBINING text and graphics from various sources on the 
same screen; and 
• USER-FRIENDLY (GUI) non-keyboard interface utilising 
mouse, touch screen, pop-up and pull-down menus. 
 
The fact that each implementation of the system requires a 
bespoke analysis of strategic information requirements and 
the specific distributed computing/data structure and 
topology precludes the immediate adoption of the CEBIS 
prototype to a working environment. 
 
However, during the evaluation period it became clear that 
all the firms involved in the demonstration, and a number of 
others besides, are considering the implementation of such 
systems.  The prototype served to focus their conceptions and 
expectations of EIS systems.   
 
In addition to the above points outlining the benefits of 
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such systems a number of concerns were expressed: 
 
• EXISTING DATA RESOURCES and distributed computing 
topology, in general, may not be structured enough at 
present to support such systems.  However, the modular 
design of such systems facilitate immediate development 
utilising data from accounts based systems, which are 
largely well established;  
• COST of accessing external commercial information sources 
was another concern, an analysis of the cost/benefit of 
this information would be required; and 
• MAINTENANCE of the system, in terms of data input and 
general development of data links and the validation of 
data within the system could prove costly. 
 
Most of the comments relating to the nature of the CEBIS 
prototype related to individual preferences relating to the 
information represented.  The general consensus suggested 
that the system should be developed as a more general EIS, 
rather than focusing on contract bidding decisions.   
 
The unfavourable reception to the simple bidding model, based 
on the analysis of historical bids, included in the prototype 
reinforced the view taken in this research that  
such tools based on statistical or algorithmic forecasting 
are currently unacceptable for supporting contract bidding 
decisions. 
 
 
6. Further Research 
 
In terms of future development and research work the need for 
research in two other significant areas has been identified: 
 
1.An investigation of the general strategic information 
sources and requirements of senior managers within a 
range of construction contracting and consultancy 
organisations with a view to the development of a series 
of general models for the development of Executive 
Information Systems. 
 
2.Analysis of the external market information sources and 
requirements of construction strategic planners and 
other professionals with a view to the genesis of a 
commercial organisation providing single point on-line 
or CD-ROM access to a wider range of construction 
related market and trend data for the UK and Europe. 
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Table 1  Phase I - Principal steps in defining the prototype 
Step 
number 
 Description 
1 Identify the firms business strategy and objectives 
2 Identify the strategic information requirements of contract 
bidding decision makers 
3 Identify and separate internal and external information 
requirements 
4 Become familiar with sources of information relevant to 
decision maker(s) needs 
5 Identify and separate the needs that can be met in the 
initial prototype implementation from those that must be 
satisfied later 
6 Determine the best ways to summarise, structure, and display 
the information 
7 Evaluate hardware, software and communications environment 
 
 
 
Table 2  Objectives and goals associated with contract 
bidding decisions 
Objectives and Goals 
Reduce overheads associated with contract bidding 
Increase profit margins on jobs 
Meet corporate turnover requirements 
Client satisfaction 
Meet corporate overhead requirements 
Reduce the number of claims (from clients and agents) 
Increase throughput of suitable contracts for bidding 
 
 
 
Table 3  CSFs associated with contract bidding decisions 
Critical Success Factors (CSFs) 
Profitability of job 
Optimisation of direct cost and prelims. estimates (profitability vs. 
competitiveness) 
Risk assessment of bids 
Optimisation of markup (overhead and profit requirements vs. 
competitiveness) 
Meet or exceed specification requirements 
 
 
Meet or improve on schedule requirements 
Competitiveness of final bid sum 
Maximise potential resource discounts 
Soundness of construction methods 
 
 
 
 
Figure 1  Principal stages of the research 
 
 
 
 
 
 
Figure 2  Contract bidding information flow and decision 
criteria 
 
 
 
 
Figure 3  Overview model - Level 0 
 
 
 
 
 
 
Figure 4  Overview model - Level 1 Tender Adjudication   
 
 
 
 
 
 
Figure 5  Conceptual system architecture 
 
 
 
 
 
 
Figure 6  CEBIS data query paths 
 
 
 
 
 
 
Figure 7  Data links available through CEBIS 
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 Typical CEBIS Data Screens 
 
 
  
